Five experiments with rat subjects compared the effects of immediate and delayed extinction on the durability of extinction learning. Three experiments examined extinction of fear conditioning (using the conditioned emotional response method), and two experiments examined extinction of appetitive conditioning (using the food-cup entry method). In all experiments, conditioning and extinction were accomplished in single sessions, and retention testing took place 24 h after extinction. In both fear and appetitive conditioning, immediate extinction (beginning 10 min after conditioning) caused a faster loss of responding than delayed extinction (beginning 24 h after conditioning). However, immediate extinction was less durable than delayed extinction: There was stronger spontaneous recovery during the final retention test. There was also substantial renewal of responding when the physical context was changed between immediate extinction and testing (Experiment 1). The results suggest that, in these two widely used conditioning preparations, immediate extinction does not erase or depotentiate the original learning, and instead creates a less permanent reduction in conditioned responding. Results did not support the possibility that the strong recovery after immediate extinction was due to a mismatch in the recent "context" provided by the presence or absence of a recent conditioning experience. Several other accounts are considered.
In classical conditioning, extinction is the procedure by which the conditioned stimulus (CS) is presented without the unconditioned stimulus (US), and the conditioned response diminishes as a result (Pavlov 1927) . Extinction is thought to be the basis of exposure therapy, a common treatment involving controlled exposure to a fear-eliciting stimulus (e.g., Barlow 1988; Bouton 1988; Davis and Myers, 2002) . Research on extinction therefore has important implications for the treatment of fear and anxiety disorders in humans. One theoretical approach to extinction assumes that it might cause unlearning or erasure of original learning (Rescorla and Wagner 1972) . However, extensive behavioral evidence shows that the conditioned response can reappear under various conditions after extinction (see Bouton 2004) . Such research indicates that extinction does not destroy original learning. As a result, the organism remains vulnerable to lapse and relapse after extinction (e.g., Bouton et al. 2006a) .
The renewal effect, one type of relapse often observed in the laboratory, occurs when the CS (e.g., a light) is presented outside the extinction context (e.g., Bouton and Bolles 1979a) . "Context" can include any physical (e.g., apparatus, location, odors) or temporal stimuli as well as internal states (e.g., hormonal or drug state) and emotions (see Bouton 2002) . Renewal indicates that extinction is specific to the context in which it occurs (see also Harris et al. 2000) . Another type of relapse, spontaneous recovery, occurs as time passes after extinction (i.e., when the temporal context changes (e.g., Brooks and Bouton 1993; see also Pavlov 1927; Rescorla 2004a) . Reinstatement refers to the return of conditioned responding to the CS that occurs when the US (e.g., shock) is presented alone after extinction (e.g., Rescorla and Heth 1975; Bouton and Bolles 1979b ; see also Westbrook et al. 2002) . It is mediated by conditioning of the context (e.g., Bouton and Bolles 1979b; Bouton 1984) : US-alone presentations are associated with the context, and this context conditioning triggers fear of the extinguished CS when the CS is later tested in the same context (i.e., reinstatement is context-specific). A fourth example of relapse is rapid reacquisition in which the conditioned response rapidly returns when CS-US pairings are resumed after extinction (e.g., Napier et al. 1992; Ricker and Bouton 1996) . Each of these phenomena indicates that extinction does not destroy the original learning. Therefore, many current theories propose that extinction involves the formation of new, inhibitory learning that merely suppresses original learning (e.g., Pearce and Hall 1980; Wagner 1981; Bouton 1993 Bouton , 2004 . Bouton (1993 Bouton ( , 2004 has emphasized the view that extinction depends on new learning that is especially dependent on the context for retrieval.
In addition to the behavioral data, research on the neurobiology of learning and memory provides evidence that extinction involves new learning. For example, N-methyl-D-aspartate (NMDA) receptors in the amygdala are necessary for fear conditioning, as well as extinction (e.g., Falls et al. 1992 ; see , for a review). NMDA receptors have been implicated in several forms of learning and in long-term potentiation (LTP), a synaptic model of learning (Whitlock et al. 2006 ; see also Fanselow 1993) . The fact that extinction, like initial conditioning, at least partially depends on NMDA receptors suggests that it too involves new learning. Additional neurobiological evidence reveals further similarities in the mechanisms of conditioning and extinction (see e.g., Myers and Davis 2002) . For example, both involve modulation of second messenger systems (e.g., Lu et al. 2001; Lin et al. 2003b; Szapiro et al. 2003) and require protein synthesis (Vianna et al. 2001; Santini et al. 2004; cf. Lattal and Abel 2001) .
The finding that an NMDA receptor antagonist, such as APV, blocks extinction (e.g., Falls et al. 1992 ) led to propose that an agonist should facilitate extinction. D-cycloserine (DCS), a partial agonist of the NMDA receptor, does increase the rate of extinction (e.g., Ledgerwood et al. 2003) . DCS has also enhanced the effectiveness of exposure therapy for several anxiety disorders in humans (e.g., Ressler et al. 2004; Kushner et al. 2007; Guastella et al. 2008) . Despite its short-term benefits on extinction performance, however, DCS does not necessarily lead to the erasure of the original learning. For example, although DCS speeds extinction, it does not prevent the renewal effect when rats are tested outside the extinction context (Woods and Bouton 2006) . Thus, the organism might remain vulnerable to lapse and relapse under some conditions (see Morris and Bouton [2007] , for a related discussion of yohimbine, and alpha-2 adrenergic autoreceptor antagonist).
Despite numerous observations of relapse, new neurobiological data suggest that original learning, as manifested in LTP, might actually be unlearned or erased under some other conditions. In particular, Gean and colleagues have shown that LTP in amygdala slices can subsequently be reversed through synaptic depotentiation, a process that can be induced by low-frequency stimulation (Lin et al. 2003a ; see also Aroniadou-Anderjaska et al. 2001) . Depotentiation counteracts most of the effects of LTP, including protein synthesis and phosphorylation of second messenger cascades leading to gene transcription (see e.g., Lin et al. 2003a Lin et al. , 2005 . Depotentiation is generally inducible only within intervals less than 1 h after LTP induction (e.g., Stäubli and Chun 1996; Huang et al. 2001 ). Under such conditions, synaptic potentiation (LTP) returns to baseline; this suggests the memory trace might have been erased. When depotentiation is induced in the amygdala in vivo 10 min after fear conditioning, it blocks the expression of fear 24 h later (Lin et al. 2003a ). Thus, like extinction, depotentiation eliminates the conditioned response.
The procedures used by Gean and colleagues typically involved generating depotentiation soon (i.e., 10 min) after LTP induction. The idea that depotentiation might underlie extinction and cause erasure of original learning recently led Myers et al. (2006) to hypothesize that giving extinction soon after fear conditioning should thwart relapse. They conducted a series of experiments in the fear-potentiated startle paradigm with rats in which the interval between conditioning and extinction was manipulated. When extinction began 72 h after conditioning, the rats subsequently demonstrated reinstatement (Experiment 1), renewal (Experiment 2), and spontaneous recovery (Experiment 3) of the conditioned response. This result was not surprising given that most research on relapse effects in the behavioral literature typically involves at least a 24-h interval between the end of conditioning and the beginning of extinction (e.g., Bouton et al. 2006b ). The important new result, however, was that when extinction began 10 min after conditioning, the rats did not demonstrate any of these examples of relapse.
The results of Myers et al. (2006) suggest that extinction initiated immediately (i.e., within 1 h) after conditioning might invoke depotentiation and cause erasure of the original memory. Despite the promise of these findings, there is reason to ask whether they are general. First, other experiments have provided evidence of relapse effects even after immediate extinction. For example, using the skin conductance response (SCR) as a measure of fear conditioning, LaBar and Phelps (2005) demonstrated reinstatement after extinction in human participants that had received extinction immediately after CS-US pairings (see also Hermans et al. 2005; Dirikx et al. 2007) . Using a similar method, Schiller et al. (2008) replicated the reinstatement effect and further reported spontaneous recovery of the SCR when participants were tested 24 h after immediate extinction. In addition, in fearconditioning experiments with rats, Schiller et al. (2008) reported reinstatement and spontaneous recovery of conditioned freezing after both immediate and delayed extinction (which had occurred 12 min or 3 d after acquisition, respectively); the amount of relapse did not differ statistically between the extinction conditions. Milad et al. (2005) observed renewal of the SCR in humans that received immediate extinction and were then tested outside the extinction context. Likewise, Alvarez et al. (2007) reported renewal of SCR, fear ratings, and even fearpotentiated startle in humans returned to the fear-conditioning context after receiving immediate extinction in a different context.
Additional behavioral research examining the conditioningextinction interval is also inconsistent with the findings of Myers et al. (2006) . Maren and Chang (2006) reported that rats given extinction immediately (15 min) after acquisition of conditioned freezing showed poorer retention of extinction (i.e., more freezing) during testing than those given extinction after a 24-h delay. Also, in appetitive conditioning with both rats and pigeons, Rescorla (2004b) reported greater spontaneous recovery when extinction began after a short (1 d) rather than a long (9 d) interval following conditioning. Both of these reports suggest that under some conditions, delayed extinction produces better, rather than worse, long-term retention of extinction.
The present experiments further compared the effects of immediate and delayed extinction in two widely used aversive and appetitive-conditioning preparations in rats. The first three experiments employed the conditioned emotional response (CER) method (Estes and Skinner 1941) , in which a CS is paired with shock, and the index of fear conditioning is the ability of the CS to suppress an ongoing operant baseline reinforced by food. This method has a long history in the study of fear conditioning (e.g., Annau and Kamin 1961; Rescorla 1968; Kamin 1969; Randich and Rescorla 1981; Bouton and King 1983) . Experiments 4 and 5 used an appetitive-conditioning preparation in which the CS was paired with food pellets and conditioning was indexed by the number of times the rat inspected the food cup (e.g., Lattal 1999; Bouton and Sunsay 2003; Rescorla 2004b Rescorla , 2006 Morris and Bouton 2006) .
Results

Fear conditioning
Experiment 1: Spontaneous recovery and renewal after immediate and delayed extinction
The first experiment compared the effects of immediate and delayed extinction in the CER preparation. Four groups received fear conditioning in a single session in one context (Context A). They then received extinction in Context B beginning either 10 min or 24 h later. (Extinction was conducted in a context differ- ent from the fear conditioning context to minimize complications caused by losing the operant baseline, which was expected to occur in the conditioning context because of contextual conditioning.) Twenty-four hours after extinction, the groups received tests of the CS. One group from each of the conditions was tested in Context B, the extinction context; and the other group was tested in Context A, the conditioning context. A renewal of suppression would ordinarily be expected when the CS is returned to Context A.
The results are presented in Figure 1 , which shows suppression to the CS over two-trial blocks from the extinction session in Context B and the test session in either Context A or B. The y-axis shows the suppression ratio, the standard dependent measure used in this preparation. A suppression ratio of 0 indicates maximal suppression (fear of the CS), whereas a ratio of 0.5 indicates no suppression. As the figure suggests, extinction was faster when it followed conditioning immediately. A 2 (Interval) ‫ן‬ 2 (Context) ‫ן‬ 8 (Block) ANOVA on the eight two-trial blocks from this session confirmed main effects of Block, F (7, 196) = 34.67, and Interval, F (1,28) = 8.83. There was no main effect of Context (a dummy variable at this point), F (1,28) < 1, and no interactions, Fs Յ 1.35. A 2 (Interval) ‫ן‬ 2 (Context) ANOVA on the last block revealed a main effect of Interval, F (1,28) = 7.39, indicating more fear at the end of extinction in the delayed groups. The effect of Context and the interaction were not reliable, Fs (1,28) < 1.
The right-hand side of Figure 1 depicts the data from the test session conducted 24 h after extinction. Immediate extinction did not prevent either renewal or spontaneous recovery of fear after extinction. Indeed, there was substantially more suppression following immediate than following delayed extinction. A 2 (Interval) ‫ן‬ 2 (Context, i.e., whether or not there was a context switch between extinction and testing) ‫ן‬ 2 (Block) ANOVA comparing the last two-trial block of extinction with the first two-trial block of the test confirmed a main effect of Block, F (1,24) = 36.98, and Context effect that fell just short of the P < 0.05 rejection criterion, F (1,24) = 3.36, P = 0.079. Importantly, there was a Block ‫ן‬ Interval interaction, F (1,24) = 28.29, indicating a greater increase in suppression in the immediate-extinction groups. The Block ‫ן‬ Context interaction was also reliable, F (1,24) = 5.18, indicating a stronger increase in suppression to the CS between extinction and testing in rats that were returned to Context A during the test (the renewal effect). The main effect of Interval, F (1,24) = 1.31, the Interval ‫ן‬ Context, and the three-way interaction were not reliable, Fs < 1. Simple effects tests were performed. When the immediate-extinction groups were isolated, there was a main effect of Block, F (1,13) = 63.46, but no effect of Context and no Block ‫ן‬ Context interaction, Fs (1,13) Յ 2.94, suggesting a return of fear in both test contexts after immediate extinction. In contrast, when the delayed-extinction groups were isolated, there were no main effects or interactions, Fs (1,11) Յ 2.34, suggesting that extinction performance was retained in both test contexts after delayed extinction. A 2 ‫ן‬ 2 between-groups ANOVA isolating suppression on the first twotrial block of testing revealed a Context effect, F (1,24) = 5.85, which did not interact with Interval, F (1,24) < 1. The main effect of Interval was significant, F (1,24) = 13.25, which again indicates that the groups given immediate extinction exhibited more fear during testing than the groups given delayed extinction.
Lever-press rates during the 60-s interval before each CS (the "pre-CS period") were analyzed in parallel Interval ‫ן‬ Context ‫ן‬ Block ANOVAs. These revealed no group differences in pre-CS responding during either extinction, Fs Յ 1.08, or testing, Fs Յ 1.53, where pre-CS responding averaged 16.2 and 19.8 (responses/min), respectively. Furthermore, on the first twotrial block of extinction, there were no group differences, F (1,24) = 2.04 (the average pre-CS rate was 13.6); the lack of difference suggests the groups entered extinction with similar levels of contextual fear. There were also no differences on the first two-trial block of testing, Fs (1, 24) < 1, where the average rate was 19.0; because the groups exhibited similar levels of contextual fear on the test, that factor did not contribute to the different amounts of fear (relapse) that the groups exhibited to the CS.
Overall, the results suggest that, with the current method, immediate extinction caused a faster loss of suppression than extinction conducted 24 h after conditioning. This finding is consistent with other CER data showing that fear "incubates" as the delay between conditioning and extinction increases (McMichael 1966; Randich and Rescorla 1981) . Immediate extinction has also been shown to proceed more quickly than delayed extinction in a conditioned freezing paradigm (Schiller et al. 2008; cf. Maren and Chang 2006) . The more important result, however, is that immediate extinction did not prevent a return of fear after extinction. Instead, strong spontaneous recovery and renewal both occurred after immediate extinction, and the spontaneous recovery effect was notably stronger than that observed after delayed extinction.
2
Experiment 2: Spontaneous recovery after extended immediate or delayed extinction
Because immediate extinction caused a quicker loss of suppression in Experiment 1, the groups that received immediate and delayed extinction entered the retention test at different points on the suppression ratio scale. The immediate-extinction group had more room on the response scale to show a strong return of fear. In the second experiment, we therefore gave Immediate and Delayed extinction groups twice the number of extinction trials (32 instead of 16) in order to allow behavior to converge. The results are presented in Figure 2 . As before, extinction was faster when it followed conditioning immediately, but in this case the extra extinction trials allowed suppression of the two groups to come together by the end of the phase. A 2 (Interval) ‫ן‬ 16 (Block) ANOVA on the two-trial blocks of extinction confirmed main effects of Block, F (15,210) = 19.28, and Interval, F (1,14) = 19.25, 2 A control experiment also found more spontaneous recovery following immediate than delayed extinction when the conditioning-to-test interval was controlled (A.M. Woods, unpubl.) . Experiment 1, which instead controlled the extinction-to-test interval, provides a more compelling demonstration of the low durability of immediate extinction, because extinction performance is usually more readily lost over time than conditioning performance (e.g., Bouton 1993) . When the conditioning-to-test interval is controlled, the extinction-totest interval testing is necessarily longer for immediate than delayed extinction. and a Block ‫ן‬ Interval interaction, F (15,210) = 3.04. However, an ANOVA on the last block confirmed that the effect of Interval was no longer significant, F (1,14) = 2.44.
The results of the test session 24 h later are shown on the right in Figure 2 . Even after double the number of extinction trials, rats given immediate extinction again exhibited stronger spontaneous recovery than those given delayed extinction. A 2 (Interval) ‫ן‬ 2 (Block) ANOVA comparing the last two-trial block of extinction with the first two-trial block of the test confirmed a main effect of Block, F (1,13) = 6.89. There was no effect of Interval, F (1,13) < 1. Although the Block ‫ן‬ Interval interaction did not reach significance, F (1,13) = 3.01, simple effects tests isolating each group provided evidence of spontaneous recovery (i.e., a main effect of Block) in Group Immediate, F (1,7) = 6.22, but not in Group Delayed, F (1,6) = 1.44. A between-groups comparison of suppression on the first block of testing did not reveal a difference, F (1,13) = 1.48. However, the significant increase in fear between extinction and testing in the Immediate Group, and lack of effect in the Delayed Group, indicates that immediate extinction was less effective than delayed in preventing spontaneous recovery (the increase in conditioned responding that occurs as time elapses after extinction).
Parallel analyses of response rates during the pre-CS periods revealed no effects of Interval or interactions with Block, Fs Յ 3.80. Pre-CS response rates averaged 14.8 during extinction and 15.2 during testing overall. There were also no group differences on the first extinction two-trial block, F (1,13) < 1, where the average rate was 14.2, or on the first two-trial block of the test, F (1,13) < 1, where the average rate was also 14.2.
Experiment 3: Testing the role of contextual mismatch
One possible cause of the less durable effect of immediate extinction is that there was a greater mismatch between the contextual conditions prevailing during extinction and retention testing. For example, rats given immediate extinction could have been extinguished while still emotional from the preceding conditioning experience. When tested, however, there was no immediately preceding fear experience, and less emotion at the start of the test. The change in emotional context could have caused a renewal of suppression (e.g., Bouton 1993 Bouton , 2002 . Alternatively, the mere presence and then absence of a recent conditioning session in memory at the time of extinction and testing could provide contextual change. In contrast, the delayed-extinction groups received no context change between extinction and testing, making renewal less likely.
The third experiment was therefore designed to examine the role of contextual mismatch (e.g., Bouton 1993) . We factorially introduced a fear-conditioning session with a different CS, a tone, before extinction and/or testing in different groups. Four groups received fear conditioning with the light-off CS on one day and then delayed extinction 24 h later. For two groups, extinction was like that received by the delayed-extinction groups in Experiment 1. However, the two remaining groups received a session of fear conditioning with the tone CS immediately before (delayed) extinction of the target CS. During testing 24 h after extinction, one group from each of the extinction conditions received the usual retention test with the light-off CS. The other groups received a session of fear conditioning with the tone immediately before the test. In this way, the presence or absence of the preceding tone conditioning session established a kind of context that was either matched or mismatched between extinction and testing. If the strong fear during testing in the previous immediate-extinction groups was due to contextual mismatch, then we should expect more test fear when there was a mismatch than when there was a match. To increase statistical power, we ran the experiment twice (in two replications), and thus doubled the usual number of subjects.
The extinction and test results with the target light-off CS are presented in Figure 3 . Similar to immediate extinction, the loss of suppression to the light off was faster when extinction began 10 min after a fear conditioning experience (with the tone). A 2 (Ext) ‫ן‬ 2 (Test) ‫ן‬ 2 (Replication) ‫ן‬ 8 (Block) ANOVA on the eight two-trial blocks from this session confirmed a main effect of Block, F (7,364) = 58.65, and Extinction treatment, F (1,52) = 4.87. There was no effect of Test treatment (a dummy variable at this point) or Replication, and no interactions, Fs Յ 1.14. An ANOVA on the last block revealed that the effect of Extinction treatment was not significant, F (1,52) = 3.32. Overall, the similarity of the pattern to that observed in Experiments 1 and 2 is consistent with the hypothesis that the more rapid loss of suppression in immediate extinction is due to the persistence of some nonspecific effect of recent fear conditioning on extinction.
The right-hand side of Figure 3 depicts the data from testing 24 h later. There was no effect of the mismatch of the extinction and testing conditions. Instead, all groups showed apparently equivalent spontaneous recovery of fear to the light-off CS. A 2 (Ext) ‫ן‬ 2 (Test) ‫ן‬ 2 (Replication) ‫ן‬ 2 (Block) ANOVA comparing the last two-trial block of extinction with the first two-trial block of the test confirmed a main effect of Block, F (1,41) = 45.69. There was a main effect of Extinction treatment, F (1,41) = 6.47, likely because the groups that received an extra conditioning session before extinction exhibited less suppression than the other groups on the final extinction block. There was also a main effect of Replication, F (1,41) = 4.88; the groups exhibited less suppression in Replication 2. There was no effect of Test treatment, F (1,41) < 1. But most important, the Block ‫ן‬ Extinction treatment, the Block ‫ן‬ Test treatment, the Extinction ‫ן‬ Test treatment, and the Block ‫ן‬ Extinction ‫ן‬ Test treatment interactions all failed to reach significance, Fs (1,41) Յ 1.18. There were no interactions with Replication, Fs (1,41) Յ 3.55. Simple effects tests isolating each group further confirmed a main effect of Block in all groups, Fs Ն 9.20. A 2 ‫ן‬ 2 ‫ן‬ 2 ANOVA isolating suppression on the first two-trial block of testing further confirmed a lack of difference among the groups, Fs (1,41) Յ 1.57. The results are not consistent with the contextual mismatch hypothesis.
Parallel analyses of the pre-CS data revealed no main effects of the group factors or interactions during extinction, Fs Յ 1.25, where pre-CS responses per minute averaged 16.4. There were also no group differences in pre-CS responding on the first ex- Cold Spring Harbor Laboratory Press on August 27, 2017 -Published by learnmem.cshlp.org Downloaded from tinction two-trial block, F (1,41) Յ 1.05, where the average rate was 14.7. A parallel ANOVA on the pre-CS data of testing revealed that most effects did not approach significance, Fs (1,48) Յ 1.60. The exception was the Block ‫ן‬ Test treatment interaction, F (1,41) = 5.28, which suggests that the groups that received a tone conditioning session immediately before the test exhibited a slight decrease in pre-CS responding from extinction to the test, whereas the other two groups exhibited a slight increase. Pre-CS responses per minute on the last two-trial block of extinction were 17.9, 17.4, 17.8, and 20 
and L-/Shock L-; on the first two-trial block of the test, the respective scores were 19.7, 15.0, 21.3, and 16.4 (there were again no group differences when this test block was isolated, Fs (1,41) Յ 3.85). Such small changes in baseline responding do not complicate interpretation of the suppression ratios.
The finding that recent fear conditioning with a second CS caused less suppression during extinction is consistent with data showing that fear incubation over a 24-h interval can be reduced by presentation of the US or CS-US pairings (Randich and Rescorla 1981) . Once again, the results are consistent with what is known about fear and its incubation in the CER situation.
Experiments 1-3 consistently found evidence of an incubation of CS fear when extinction was delayed by 24 h after a shock experience. (It is worth noting that, as reported above, there were no corresponding differences in the pre-CS baseline leverpressing rates when analyzed throughout the extinction sessions, or when analyzed on only the first two-trial block.) The incubation effect observed with the present method is consistent with the results reported in the freezing preparation by Schiller et al. (2008) , but it contrasts with the conditioned freezing results reported by Maren and Chang (2006) . The latter investigators found more (not less) freezing during extinction that immediately followed conditioning or presentation of unsignaled shock in a different context. The results led Maren and Chang (2006) to propose that a high level of fear around the time of extinction might cause poor long-term retention of extinction (recall that, like us, they found that immediate extinction caused less durable loss of fear than delayed extinction). However, the fact that we observed a similar result concerning the durability of extinction, but less (rather than more) fear of the CS during immediate extinction, suggests that the level of fear during extinction is not the factor controlling durability. The reason for why Maren and Chang's freezing was higher, whereas our conditioned suppression was lower, during immediate extinction or after shocking in another context is not clear at the present time. However, Maren and Chang's results are consistent with the possibility that the freezing response might have unusual temporal characteristics. For example, McNally and Westbrook (2006) reported more rapid acquisition of freezing when successive pairings of a chamber and shock were separated by short (2 min) intertrial intervals than by long (e.g., 24 h) intervals. Such a result is consistent with Maren and Chang's finding that a CS presented immediately after conditioning yielded stronger freezing than a CS presented after a delay (cf. Schiller et al. 2008) . But it contrasts with the typical result in most aversive and appetitive-conditioning procedures, where conditioning trials that are massed together in time usually yield slower acquisition of responding than trials that are more spaced (e.g., Spence and Norris 1950; Rescorla and Durlach 1987; Sunsay et al. 2004) . It is important to reiterate that Maren and Chang (2006) found results consistent with ours concerning the lack of durability of immediate extinction. The contrast thus suggests that this result does not depend on either higher or lower fear during immediate extinction.
The second major result of Experiment 3, of course, is that regardless of whether a conditioning session preceded extinction and/or testing, rats in the four groups exhibited statistically indistinguishable amounts of spontaneous recovery. Despite the fact that the tone-conditioning treatment was salient enough to have an impact on the animals' behaviors, as indicated by suppression during extinction, the level of final suppression to the target CS did not depend on the match or mismatch of the conditioning treatment that immediately preceded extinction and testing. The results thus did not confirm the contextual mismatch explanation (e.g., Bouton 1993) of the strong suppression observed during retention testing after immediate extinction in Experiments 1 and 2.
Appetitive conditioning Experiment 4: Spontaneous recovery after immediate and delayed extinction
In order to develop an understanding of the results, it is important to know whether they are unique to fear conditioning. We therefore moved to a completely different motivational system and ran parallel experiments in a widely used appetitiveconditioning preparation in which the CS is paired with food pellets and the conditioned response is activity directed at the food cup in anticipation of the US. Historically, our laboratory has found many parallels between results obtained in fear and appetitive conditioning (e.g., Bouton 1993; Morris and Bouton 2006) . And as noted above, Rescorla (2004b) reported results from appetitive-conditioning experiments with rats and pigeons that are consistent with the present results; there was more spontaneous recovery following immediate than delayed extinction. However, unlike Myers et al. (2006) , Rescorla used a procedure that involved multiple conditioning sessions over several days, which gave the subjects multiple opportunities to consolidate conditioning before extinction. In addition, the shortest interval between conditioning and extinction was 24 h (Rescorla compared 1-d and 9-d intervals), a period of time that Myers et al. (2006) would have considered delayed extinction. We therefore examined the durability of immediate versus delayed extinction in an appetitive-conditioning experiment that, like the fear experiments, contained only a single conditioning session and included an immediate-extinction condition in which extinction began 10 min later.
As in our CER experiments, rats received conditioning (tone-food pairings) in a single session (Context A), and then received extinction in a different context (Context B) either 10 min or 24 h later. Testing then occurred 24 h after extinction. 
Immediate extinction
The experiment was run in two replications. The results are shown in Figure 4 , which presents the number of food-cup entries during the CS and the equivalent 10-s period immediately before the CS over four-trial blocks in conditioning, extinction, and testing. As the left side of the figure suggests, both groups acquired food-cup responding to the CS during conditioning. A 2 (Interval) ‫ן‬ 2 (Replication) ‫ן‬ 10 (Block) ANOVA on CS responding in this session confirmed a main effect of Block, F (9,252) = 20.21. No other main effects or interactions were reliable, Fs < 1. A comparison of CS and pre-CS responding on the last block confirmed significantly higher responding to the CS within each group, ts (15) Ն 3.40. A parallel ANOVA on the pre-CS data revealed a similar main effect of Block, F (9,252) = 2.35, confirming (as the figure shows) an increase in pre-CS responding during conditioning. This result is consistent with the possibility that the context, in addition to the CS itself, became associated with food during conditioning. There was also a main effect of Replication, F (1,28) = 5.10, due to higher pre-CS responding in Replication 2. The effect of Interval and the interactions were not reliable, Fs Յ 1.37.
As the middle of the figure illustrates, extinction of food-cup responding was faster when it was immediate rather than delayed. A 2 (Interval) ‫ן‬ 2 (Replication) ‫ן‬ 5 (Block) ANOVA on CS responding during the five four-trial blocks from this session confirmed the main effects of Block, F (4,112) = 21.85, and Interval, F (1,28) = 6.23, and a significant Block ‫ן‬ Interval interaction, F (4,112) = 2.56. There was also a main effect of Replication, F (1,28) = 4.79, due to higher responding in Replication 2. The other interactions were not significant, Fs < 1. A 2 (Interval) ‫ן‬ 2 (Replication) ANOVA on the last block revealed that the main effect of Interval was no longer significant, F (1,28) < 1. Thus, the groups had converged to a similar point on the scale by the end of extinction. The main effect of Replication remained, F (1,28) = 5.52, but the interaction was not significant, F (1,28) < 1. A parallel 2 ‫ן‬ 2 ‫ן‬ 5 ANOVA on the pre-CS data revealed that responding during the pre-CS period (in response to the context) also declined. There was a main effect of Block, F (4,112) = 4.71 and a Block ‫ן‬ Interval interaction, F (4,112) = 3.17. The main effect of Replication approached significance, F (1,28) = 3.98, P = 0.056 (again due to higher pre-CS responding in Replication 2). The effect of Interval and the other interactions were not reliable, Fs Յ 3.21. An additional ANOVA revealed that the immediate group responded less than the delayed group in the pre-CS period on the first extinction block, F (1,28) = 5.48.
Results from the test session (right side of the figure) suggest that immediate extinction once again did not prevent spontaneous recovery. Instead, as before, rats given immediate extinction actually exhibited more recovery of responding than rats given delayed extinction. A 2 (Interval) ‫ן‬ 2 (Replication) ‫ן‬ 2 (Block) ANOVA comparing CS responding on the last four-trial block of extinction and the first four-trial block of the test confirmed a main effect of Block, F (1,28) = 3.91, P = 0.058, and importantly, a significant Block ‫ן‬ Interval interaction, F (1,28) = 6.59. There was also a main effect of Replication, F (1,28) = 9.23 (responding was higher in Replication 2), but no interactions with Replication, Fs (1,28) < 1. There was no effect of Interval, F (1,28) = 1.67. Simple effects tests isolating each group confirmed a main effect of Block in Group Immediate, F (1,14) = 20.66, but not in Group Delayed, F (1,14) < 1, indicating retention of extinction in the latter group only. Group Immediate also responded more than Group Delayed when the first four-trial block of the test was isolated, F (1,28) = 8.72. A parallel 2 ‫ן‬ 2 ‫ן‬ 2 ANOVA on the pre-CS data confirmed (as suggested by the figure) that the rats showed a similar pattern of responding during the pre-CS period. There was a main effect of Block and a Block ‫ן‬ Interval interaction, Fs (1,28) Ն 7.14. No other main effects or interactions were reliable, Fs (1,28) Յ 3.78. When the first four-trial block of the test was isolated, there was again higher pre-CS responding after immediate than delayed extinction, F (1,28) = 4.08, P = 0.053. Thus, when we examined responding to either the CS or the context (pre-CS period), there was more recovery of responding over time following immediate rather than delayed extinction.
One potential issue is that the changes in pre-CS responding might complicate interpretation of responding in the CS. Was there a change in responding to the CS over and above the effect that was apparent in the presence of the context (the pre-CS period)? The answer appears to be "yes." As depicted in Figure 5 , when only the last extinction trial and the first test trial (rather than four-trial blocks) were isolated, neither group exhibited a change in pre-CS responding over the two trials. A 2 (Interval) ‫ן‬ 2 (Replication) ‫ן‬ 2 (Trial) ANOVA on the pre-CS data confirmed no main effects or interactions, Fs Յ 2.09. When CS responding from these two trials was analyzed in a parallel ANOVA, however, there was a main effect of Trial, F (1,28) = 4.12, P = 0.052, and importantly a Trial ‫ן‬ Interval interaction, F (1,28) = 5.54. There was also a main effect of Replication, F (1,28) = 5.39 (higher responding in Replication 2), but no effect of Interval or other interactions, Fs (1,28) Յ 2.90. Simple effects tests isolating each group further confirmed a main effect of Trial in Group Immediate, F (1,14) = 12.92, but not in Group Delayed, F (1,14) < 1. Because pre-CS responding did not change over these trials, the different patterns of CS responding cannot be explained by changes in responding to the context. Thus, immediate extinction did result in significant spontaneous recovery of responding to the CS, whereas delayed extinction did not.
The results were thus similar to the CER experiments. Immediate extinction caused a faster loss of food-cup responding, and more spontaneous recovery, than delayed extinction.
3 Overall, the present experiments suggest that the effects of immediate and delayed extinction are qualitatively similar across these two aversive and appetitive-conditioning preparations.
Experiment 5: Another test for the role of contextual mismatch
As in fear conditioning, the presence and then absence of a conditioning session immediately before extinction and testing causes a contextual mismatch that could explain the lack of durability of immediate extinction. Because there is no way of knowing whether this sort of context in appetitive conditioning is more or less important than in fear conditioning, we tested for 3 A control experiment also found more spontaneous recovery following immediate than delayed extinction when the conditioning-to-test interval was controlled (A.M. Woods, unpubl.) . See Footnote 2. Cold Spring Harbor Laboratory Press on August 27, 2017 -Published by learnmem.cshlp.org Downloaded from the role of contextual mismatch again using the tactic we had used in fear conditioning (Experiment 3, Fig. 3 ). Four groups received conditioning with the tone CS (as in Experiment 4) and then delayed extinction. Half received an extra conditioning session with a different CS (the termination of the houselights) immediately before extinction. An orthogonal half received a similar conditioning session immediately before the test session. As before, groups that experienced the similar presence or absence of a conditioning session immediately before extinction and testing should show little recovery of responding during testing, whereas groups that experienced a mismatch in the experience immediately before extinction and testing should show recovery of responding.
The results, shown in Figure 6 , again provided no evidence to confirm the contextual mismatch account. As before, all groups acquired food-cup responding to the CS. A 2 (Ext) ‫ן‬ 2 (Test) ‫ן‬ 10 (Block) ANOVA on CS responding over the four-trial blocks of conditioning confirmed a main effect of Block, F (9,216) = 18.49. No other main effects or interactions were reliable, Fs < 1. A parallel ANOVA on the pre-CS data did not reveal any main effects or interactions, Fs Յ 1.62.
As shown in the middle of the upper panel, the loss of foodcup responding to the tone was slightly faster when delayed extinction began 10 min after a conditioning session with the light off. A 2 (Ext) ‫ן‬ 2 (Test) ‫ן‬ 5 (Block) ANOVA on CS responding during the five four-trial blocks from this session revealed a main effect of Block, F (4,96) = 10.49, but the effect of Extinction treatment did not reach significance, F (1,24) = 2.36, P = 0.14. There was no effect of Test treatment and no interactions, Fs < 1. An additional ANOVA on the last block again revealed no effect of Test treatment or an interaction, Fs (1,24) < 1, although the effect of Extinction treatment approached significance here, F (1,24) = 3.21, P = 0.086. A parallel 2 ‫ן‬ 2 ‫ן‬ 5 ANOVA on the pre-CS data revealed a main effect of Block and a Block ‫ן‬ Test treatment interaction, Fs (4,96) Ն 2.99. As shown in the middle of the lower panel, this is likely because two groups in the food test condition, which is a dummy variable at this point, inexplicably showed higher pre-CS responding than the other two groups on the first four-trial block. There were no other main effects or interactions, Fs Յ 1.77. An additional ANOVA examining pre-CS rates on the first four-trial block revealed no effect of extinction treatment, F (1,24) < 1.
The test data are shown on the right side of the upper panel of the figure. There was no effect of contextual mismatch. A 2 (Ext) ‫ן‬ 2 (Test) ‫ן‬ 2 (Block) ANOVA comparing CS responding on the last four-trial block of extinction and the first four-trial block of the test revealed only a main effect of Extinction treatment, F (1,24) = 8.16, due to a continuation of higher responding across the blocks in the normal delayed extinction groups (Groups T-/T-and T-/Food T-). No other main effects or interactions reached significance, Fs (1,24) Յ 2.92. A between-groups ANOVA isolating responding on the first four-trial block of testing also revealed a mean effect of Extinction treatment, F (1,24) = 5.16, though again this is not due to differences in the amount of recovery but rather to differences in the amount of extinction. An analogous 2 ‫ן‬ 2 ‫ן‬ 2 ANOVA on the pre-CS data revealed a three-way interaction, F (1,24) = 8.68. Groups that experienced the same emotional context before extinction and testing (Food T-/Food T-and T-/T-) did not exhibit a change in pre-CS responding across the blocks, whereas groups that experienced a change in the emotional context (Food T-/T-and T-/Food T-) exhibited a slight increase. There were no other main effects or interactions, Fs (1,24) Յ 3.05. Isolating pre-CS rates on the first four-trial test block revealed no group differences, Fs (1,24) Յ 2.14. (There was no change in the pattern of test results when CS and pre-CS responding was examined over individual trials; thus, further analyses are not included.)
In the end, the results with the appetitive-conditioning procedure were consistent with those from the CER procedure. Immediate extinction caused a less durable decrease in responding than delayed extinction. And we did not confirm that this effect was due to a mismatch between the conditions present immediately before extinction and testing.
Discussion
The results of the present experiments were consistent in showing that immediate extinction did not erase the original learning, but instead led to an even greater return of original responding than delayed extinction (cf. Myers et al. 2006 ). This result appears to be general across both our fear-conditioning (Experiments 1 and 2) and appetitive-conditioning (Experiment 4) preparations, which likely involve different neurobiological substrates.
The findings are not consistent with the idea that immediate extinction erases or depotentiates the original learning. In both of the present conditioning preparations, immediate extinction led to more recovery of responding 24 h later. In Experiment 1, it also led to a renewal effect that was at least as strong as that observed following delayed extinction. As noted above, the present experiments extend Maren and Chang's (2006) results to a different fear-conditioning preparation (CER rather than freezing) as well as to a popular method of appetitive con- Learning & Memory ditioning. They also extend Rescorla's (2004b) previous results by using an appetitive procedure that corresponded more closely to the number of sessions, session lengths, and intersession intervals used in the fear-conditioning experiments (Experiments 1-3) (Myers et al. 2006) . The results show strong recovery of an appetitive response after a single conditioning session that was similar in duration to the one used in fear conditioning and after extinction that began within minutes of conditioning. The present results, along with the other studies, may begin to suggest that the interference with relapse effects observed after immediate extinction by Myers et al. (2006) may be relatively unique. Although the studies by Myers et al. (2006) are unique among rat studies in employing the fear-potentiated startle preparation, the fact that Alvarez et al. (2007) found renewal of potentiated startle in humans following immediate extinction suggests that the startle preparation may not be unusually sensitive to erasure effects. At this point in time, the reason for the uniqueness of the Myers et al. (2006) results is not clear. The present findings also begin to make progress at explaining the stronger recovery seen after immediate extinction. First, Experiments 3 and 5 tested the idea that stronger recovery occurred because of a mismatch between the conditions that preceded immediate extinction and then testing. In both the CER and appetitive preparation, when a conditioning session with a different CS was factorially inserted before delayed extinction and/or testing, there was no effect of mismatch on responding during the final test. Thus, the results did not confirm the contextual mismatch hypothesis. Second, the results do not support the possibility that a high level of fear around the time of immediate extinction, rather than the brief conditioning-extinction interval on its own, causes strong recovery after immediate extinction (Maren and Chang 2006) . As noted above, the incubation of responding observed during delayed extinction in Experiments 1-3, which was consistent with earlier observations in the CER preparation (McMichael 1966; Randich and Rescorla 1981) , meant that the higher fear was evident during delayed rather than immediate extinction (see also Schiller et al. 2008) . In addition, Experiment 4 also found stronger recovery after immediate extinction in an appetitive preparation, where level of fear was not an issue. Thus, although Maren and Chang (2006) , like us, found stronger fear recovery after immediate extinction, the fact that the same outcome can occur with higher or lower levels of fear during immediate extinction suggests that the level of fear during extinction is not the controlling factor. Of course, this does not necessarily mean that when higher fear is evident during extinction (as in Maren and Chang's experiments), it does not play some role in influencing the learning and/or retention of extinction.
Learning theories provide at least three additional accounts of the stronger recovery after immediate extinction. First, a high level of conditioned responding during extinction might allow for better extinction learning, perhaps because it allows for the development of more inhibition of the response (Rescorla 2001; see Bouton and Woods 2008 , for a review). On this account, delayed extinction might have caused more durable extinction responding 24 h later in the present experiments because the animals had learned more inhibition of the response. Although data from the present experiments might appear consistent with this account, the Maren and Chang (2006) results just described are clearly not. Thus, strong recovery after extinction appears to occur whether responding is higher or lower during delayed extinction. Other results have been critical of the response inhibition hypothesis (Rescorla 2006; see Bouton and Woods 2008 , for further evaluation).
A second possibility is based on Wagner's SOP ("sometimes opponent process") model of conditioning (Wagner 1981; Wagner and Brandon 1989, 2001) , which has been successful at explaining a broad range of conditioning phenomena. According to this theory, presentations of the CS and US activate corresponding memory nodes to a highly active state called A1. From A1, the nodes quickly decay to a secondarily active state called A2, where they stay longer but eventually decay to an inactive state. Importantly, the activation level of a node cannot move from A2 to A1 without first decaying to the inactive state. For the CS and US to become associated during conditioning, both nodes must be in A1 at the same time, which occurs when the two stimuli are presented close together in time. However, if a node happens to be in the A2 state at the time of a conditioning trial, conditioning can be less effective, because the node cannot be activated from the A2 to the A1 state.
Given the above, SOP might explain the present effects of immediate extinction in the following manner. When extinction begins very soon after conditioning, the CS node (activated during conditioning trials) might still be in A2, rather than the inactive state, at the start of extinction. If this is so, then the CS cannot be activated to A1, and this would reduce the ability to learn about the CS during extinction. Further, because the CS node is not focally active, it would not elicit as much conditioned responding. These two predictions are respectively consistent with the weaker durability of immediate extinction (which would result from less successful extinction learning) and a faster loss of responding observed in immediate extinction. One problem for this explanation, however, is that previous experiments in this laboratory suggest that similar CSs decay from A2 to the inactive state within 4 min after a CS presentation (Bouton and Sunsay 2003; Sunsay et al. 2004; Moody et al. 2006 ). The 10-min interval between conditioning and immediate extinction lies outside this window of time. Another question is raised by Experiments 3 and 5, which revealed that an extra conditioning session with a different CS 10 min before the start of delayed extinction similarly led to a more rapid short-term decline in conditioned responding. Because the target CS did not occur immediately before the extinction session, it could not have been primed in A2 at the start of extinction and thus could not cause this performance effect, leaving another explanation of the rapid loss of responding necessary.
It is also possible that the US node would be in A2 at the start of immediate extinction for the same reason. Unfortunately, if anything, this possibility would potentially facilitate, rather than reduce, long-term inhibitory learning during extinction, because SOP assumes that (inhibitory) extinction learning occurs when the CS is in A1 at the same time the US node is in A2. On the other hand, it appears, once again, that any activation of the node probably decayed to the inactive state before immediate extinction: In Experiments 3 and 5, the US node should have equivalently been in the A2 state when the preceding conditioning session occurred with the different CS, yet this had no demonstrable impact on extinction learning as assessed by performance during the retention tests. Overall, it does not seem likely that mechanisms provided by SOP can account for the present results.
A third type of approach is also possible. The strong recovery of responding after immediate extinction might be consistent with the idea that memory traces of both conditioning and extinction always persist after extinction, and that performance during subsequent testing is governed by the extent to which each is weighted or retrieved. For example, according to the "temporal weighting rule" (e.g., Devenport et al. 1997; Devenport 1998) , responding during a spontaneous recovery test will be a function of both the time since extinction and the time since conditioning. When extinction is relatively recent (as when testing occurs when extinction has been delayed), then extinction responding may prevail during the test. When extinction is not relatively recent (as when extinction followed conditioning immediately and then time was allowed to elapse), then conditioned responding will prevail, because the original learning contributes relatively more to performance. Alternatively, the results might be consistent with an account of spontaneous recovery, which holds that spontaneous recovery is a renewal effect that occurs because of a change in the temporal context (e.g., Bouton 1993; Bouton and García-Gutiérrez 2006) . More specifically, as time elapses, hypothetical contextual stimuli might change. The effects of any retention interval would thus depend on the similarity of the background stimuli present at times 1 and 2. Interestingly, in such a scheme, early stimulus changes within an interval would presumably occur more rapidly than later stimulus changes, because short intervals are timed more accurately than longer ones (e.g., Gibbon 1991) . Thus, if the "clock" were to start at the time of conditioning, then there would be more spontaneous recovery 24 h after immediate (early) than delayed (late) extinction, because there would be more substantial contextual change during the retention interval.
Whichever account proves to be more accurate, the present results make it clear that immediate extinction in the CER and magazine entry preparations does not erase the original learning, and indeed allows a stronger recovery of conditioned responding during a subsequent spontaneous recovery test.
Materials and Methods
Subjects
Female Wistar rats (Charles River, Quebec, Canada) ranging in age from 75 to 90 d and initially weighing 200-300 g were used. The rats were housed individually in suspended stainless steel cages in a colony room. The rats were food-deprived and maintained at 80% of their free-feeding weights beginning a week before the experiments. Water was available ad libitum.
Apparatus
All sessions occurred in two sets of four Skinner boxes (Med Associates) located in separate rooms. The two sets of boxes contained distinct contextual cues and were used as two different, counterbalanced contexts (denoted as Context A and B). Boxes from both sets measured 31.75 ‫ן‬ 24.13 ‫ן‬ 29.21 cm (l ‫ן‬ w ‫ן‬ h) and were housed in sound-attenuation chambers. The front and back walls were brushed aluminum; the sidewalls and ceiling were clear acrylic plastic. The rats entered the box through a door in the right wall. A 5.08 ‫ן‬ 5.08 cm recessed food cup was centered in the front wall and positioned near floor level. A thin, flat 4.8 cm stainless steel lever protruded 1.9 cm from the front wall and was positioned 6.2 cm above the grid floor and located to either the left or the right of the food cup, depending on the context.
In one set of boxes, the floor consisted of stainless steel grids, 0.48 cm in diameter, spaced 3.81 cm center-to-center and mounted parallel to the front wall. The ceiling and left sidewall had black horizontal stripes, 3.81-cm wide and spaced 3.81 cm apart. To create a distinctive odor, a dish containing ∼10 mL of a 2% (vol/vol) anise solution (McCormick) was placed outside the front wall of each box. In the other set of boxes, the floor consisted of alternating stainless steel grids with different diameters (0.48 and 1.27 cm), spaced 1.59 cm center-to-center. The ceiling and left sidewall were covered with rows of dark dots (1.9 cm in diameter) that were separated by ∼1.27 cm. To create a distinctive odor, a dish containing ∼10 mL of a 4% (vol/vol) coconut solution (McCormick) was placed outside the front wall of each box.
In both sets of boxes, ventilation fans provided background noise of ∼60 dB. Illumination was provided by two 7.5-W clear incandescent bulbs mounted to the ceiling of each soundattenuation chamber. In the fear-conditioning experiments, the target CS was a light-off cue that was created by terminating the houselights to produce darkness. The CS duration was 60 s. The US was a 0.5-s, 1-mA foot shock. The reinforcer for the baseline lever-press response was one 45-mg food pellet (Purina Test Diet). In the appetitive-conditioning experiments, the target CS was the 3000-Hz, 80-dB tone presented for 10 s. The US was two 45-mg food pellets delivered 0.2 s apart into the food cup. Photocells mounted in the food cups, just behind the plane of the wall of the Skinner box, detected the rats' entries into the food cup. Computer equipment in a separate room controlled the apparatus and data collection. The experiments were run during the light portion of a 16:8-h light-dark cycle.
Procedure for fear-conditioning experiments (Experiments 1-3)
Baseline training
For baseline training, there were six daily 84-min sessions of lever pressing. The rats were initially reinforced on a continuous schedule of reinforcement until 35-45 presses were emitted, and were then switched to a fixed-ratio, FR-7, schedule until approximately five pellets were earned. The rats were finally placed on a variable-interval (VI) 90-s reinforcement schedule (interval range = 15-165 s). Responding on the VI-90 s schedule was used throughout the remainder of the experiment and provided the baseline level from which suppression (i.e., fear) was measured.
Each rat received lever-press training in a box from both experimental contexts (A and B). Half the sessions occurred in Context A (days 1, 2, and 6), and the other half occurred in Context B (days 3, 4, and 5). If a rat did not press the lever independently by the end of the second session, then it received an extra training session in Context A on the same day. At the end of baseline training, groups were matched based on the amount of lever pressing emitted during each session and assigned to either an immediate-or delayed-extinction condition.
Conditioning
Following baseline training, there was one 84-min session of fear conditioning in Context A. The session involved four trials during which the 60-s light-off CS was paired with the foot shock US. The US occurred upon offset of the CS. The CS-US pairings were separated by a 20-min average ‫)%52ע(‬ intertrial interval (ITI).
Extinction and testing
In Experiment 1, there was one 120-min session of extinction in Context B. The session involved 16 presentations of the light off, without shock, at an average ITI of 6.5 min. The first CS-alone trial occurred at minute nine. For half the rats (Immediate groups), the extinction session began 10 min after conditioning. Immediately after the last conditioning trial in Context A, these rats were transported to the home cages and placed there for five minutes before being transported to Context B for extinction. For the remaining rats (Delayed groups), the extinction session began 24 h after conditioning. These rats were placed in the home cages during the 24-h interval between sessions. Extinction was conducted in Context B because doing so helped maintain the baseline lever-press response after fear conditioning. Fear conditioning generally causes a decrease in baseline responding, but moving the rats to a different context after conditioning alleviates this problem.
Following extinction, the rats in each extinction condition were matched on suppression exhibited during extinction and assigned to Groups Immediate ABB, Immediate ABA, Delayed ABB, and Delayed ABA based on the conditioning-extinction interval and the testing context. Twenty-four hours after extinction, there was one 84-min test to assess the retention of extinction performance. The session involved four presentations of the light off, without shock, at an average ITI of 20 min. The first trial occurred at minute 25. During the test, half the rats from each extinction condition were placed in the extinction context (B) and tested for spontaneous recovery of fear to the light off (Groups Immediate ABB and Delayed ABB). The other rats from each condition were returned to the conditioning context (A) and tested for renewal of fear to the light off (Groups Immediate ABA and Delayed ABA).
In Experiment 2, there were only two groups, Immediate and Delayed. In this case, the extinction session (which began 10 min or 24 h after the conclusion of conditioning), involved 32, rather than 16, presentations of the CS without shock. Although the number of extinction trials was doubled, the duration of the session remained 120 min; to accomplish this, the average ITI was shortened to 2.75 min. The first CS still occurred at minute nine. Testing occurred in Context B 24 h after extinction. As before, there were 4 test presentations of the CS, without shock, at a 20-min average ITI in an 84-min session.
In Experiment 3, the four groups received one 120-min session of extinction in Context B 24 h after conditioning. As in Experiment 1, there were 16 presentations of the target light-off CS without shock. Half the rats received no treatment immediately prior to the extinction session. The other half received a session of fear conditioning with a 60-s tone CS ending 10 min before the extinction. (Like conditioning with the light-off CS, conditioning with the tone again involved an 84-min session in Context A with four tone-shock pairings spaced by a variable 20-min ITI.) After the last conditioning trial, these rats were returned to the home cages and placed there for five minutes before being transported to Context B for extinction.
Twenty-four hours after extinction, the rats were returned to Context B and tested for spontaneous recovery of suppression to the target light-off CS following the usual procedure. Half the rats from each of the extinction conditions described above received the usual treatment. For the other half, there was a four-trial conditioning session with the tone CS. As before, these rats were returned to the home cage between sessions; the interval between the end of tone conditioning and testing was 10 min.
Dependent measure
The computer recorded the number of lever presses for each rat during the 60-s CS as well as during the 60-s period immediately preceding the CS (the "pre-CS" period). These data were used to calculate the standard suppression ratio (e.g., Annau and Kamin 1961 ) defined as C/(C + P), where C is the number of responses made during the CS, and P is the number of responses made during the equivalent pre-CS period. A score of 0.5 denotes no lever-press suppression during the CS (i.e., no fear), whereas a score of 0 denotes complete suppression of responding during the CS (i.e., substantial conditioned fear).
Procedure for appetitive-conditioning experiments (Experiments 4 and 5)
Magazine training
Before conditioning, the rats were trained to eat food pellets when they were delivered to the food cup. Thirty pellets, spaced by 40 s on average (ranging from 5 to 75 s), were delivered (not contingent on behavior) during a 20-min session. The rats received one session in Context A and one session in Context B the next day.
Conditioning
On the day after magazine training, there was one 90-min session of appetitive conditioning in Context A. The session involved 40 trials in which the 10-s tone CS was paired with the food US. Delivery of the US coincided with offset of the CS. The average ITI was 2.08 min.
Extinction and testing
In Experiment 4, there was one 45-min session of extinction in Context B. The session contained 20 presentations of the tone, without food, spaced by a 2.08-min average ITI. The first CSalone trial occurred at minute 2.08. The extinction session began either 10 min (Group Immediate) or 24 h (Group Delayed) after conditioning. As before, the rats were placed in the home cages during the interval between sessions. Conducting extinction in Context B (rather than A) followed the design used in the fearconditioning experiments. Twenty-four hours after extinction, the rats were returned to Context B and tested for spontaneous recovery of the food cup responding to the tone. The session was 18 min in duration and involved eight presentations of the tone, without food, spaced by a 2.08-min average ITI. The first trial occurred at minute 2.08.
In Experiment 5, all four groups received extinction with the delayed procedure used in Experiment 4. Half the rats received a treatment identical to those in Experiment 4. The other half received a session of conditioning with the other CS, a 10-s light off, immediately before extinction. Like conditioning with the tone, conditioning with the light off involved a 90-min session in Context A with 40 light-off and food pairings spaced by a 2.08-min average ITI. After the last conditioning trial, these rats were returned to the home cages and placed there for 5 min before being transported to Context B for extinction. Twentyfour hours after extinction, the rats were returned to Context B and tested for spontaneous recovery to the tone following Experiment 4's procedure. Half the rats from each extinction condition were tested as usual. The other half of the rats received a 40-trial conditioning session with the light off in Context A. As usual, these rats were returned to the home cages and held for 5 min between sessions.
Dependent measure
The computer recorded the number of food-cup entries made by each rat during the 10-s CS and 10-s period immediately preceding the CS ("pre-CS"). The number of food-cup entries during the CS is widely used as a measure of appetitive conditioning. The number of food-cup entries made during the pre-CS period, which occurred in the presence of the context, provides a possible measure of responding to the context (rather than the CS).
Data treatment and analysis
All statistical analyses utilized analysis of variance (ANOVA). In the fear-conditioning experiments, suppression ratios and pre-CS data were submitted to identical ANOVAs. In the appetitive experiments, food-cup responding during the CS and pre-CS periods were likewise submitted to identical ANOVAs. Throughout, a rejection criterion of P < 0.05 was used.
All experiments began with eight subjects per group. To increase statistical power, Experiments 3 and 4 used 16 per group (the experiments were run in two replications with n = 8). The designs required that rats learn both conditioning and extinction in single sessions. In the fear-conditioning experiments, 14% of the rats, distributed evenly over groups, failed to show evidence of extinction during the single extinction session. Test analyses therefore excluded rats that failed to achieve extinction (defined as suppression ratios above at least 0.15 on the last 4-trial block of extinction; the mean ratio for excluded rats was 0.06). This resulted in final ns of 7, 8, 6, and 7 for Groups Immediate ABB, Immediate ABA, Delayed ABB, and Delayed ABA in Experiment 1; 8 and 7 for Groups Immediate and Delayed in Experiment 2; and 12, 12, 13, and 12, for groups L-/L-, Shock L-/L-, L-/Shock L-, and Shock L-/Shock L-in Experiment 3 (four additional rats were excluded for failure to lever-press during the extinction session). In the appetitive experiments, no rat failed to extinguish. However, in Experiment 5, four rats had to be excluded for failing to show evidence of conditioning, with CS responding of Յ1.25 (mean = 0.69) on the last four-trial block of conditioning (leaving ns = 7).
